Background and Aims: There is a lack in the literature about prepouch ileitis [PI], in particular regarding risk factors associated with failure of the medical treatment. Aim of the study is to analyse the characteristics of PI patients and to compare those who required surgery with those who were successfully treated with conservative therapy. Methods: All cases presenting a diagnosis of PI were included and analysed. Patients eventually requiring surgery were compared with those who were managed conservatively, for symptoms of presentation, endoscopic characteristics, and rate of response to medical treatment. A subanalysis of outcomes based on the final histology was performed. Conclusions: Crohn's disease, indeterminate colitis, and stenosis with outlet obstruction are risk factors for failure of treatment after diagnosis of PI. Early aggressive therapy and surgery should be considered in these cases.
Introduction
Restorative proctocolectomy and ileal pouch-anal anastomosis [IPAA] is the standard treatment for ulcerative colitis [UC] that is not responsive to medical treatment or is complicated by dysplasia or cancer. 1 The surgery has excellent outcomes, and most patients are satisfied with their quality of life and would recommend the procedure to others. 2, 3 Pouchitis is the most frequent complication after restorative proctocolectomy, with up to 50% of the patients reporting at least one flare of pouchitis within the first 10 years after surgery, which might require aggressive treatment. [4] [5] [6] Much less is known about the prepouch ileitis [PI] , a different inflammatory complication that occurs after the construction of an ileal pouch; this has been reported quite recently in the literature, although a universally accepted definition for PI does not exist. However, PI is generally described as an acute or chronic inflammation of the afferent limb of the pouch, which is diagnosed at pouchoscopy and confirmed at the histological examination. The symptoms are not specific, and the aetiology is unknown. The signs of prepouch ileal inflammation include friable granular mucosa, ulcers, and strictures of the afferent limb, which could extend proximally for a few tens of centimetres. [7] [8] [9] [10] [11] A recent multicentre study reported an incidence of PI of about 5%, and almost all those patients had concurrent pouchitis, suggesting a possible similar cause. 12 Other authors hypothesised a strict correlation between the picture of PI and Crohn's disease. 13, 14 Only few papers have been published in recent years about PI, with small groups of patients or just case reports. Moreover, there is a lack of data regarding the effectiveness of the treatments which are administered to patients depending on the predominant clinical picture associated with the PI. For instance, it is presumable that a severe inflammation might require an escalating medical treatment, whereas a fibrotic stenosis could benefit from an endoscopic dilatation. Should those treatments fail, surgery could represent the last resort to maintain the pouch. To date, there is a paucity of evidence in the literature regarding the identification of risk factors associated with the failure of conservative treatment and, therefore, the need of surgical therapy.
The aim of the present study was to identify the patients with a diagnosis of prepouch ileitis from a single large tertiary centre, and to compare those who required surgery for refractory PI with those who were successfully treated with conservative treatment, regarding patients' characteristics, patterns of presentation, and outcomes.
Materials and Methods
From a prospectively maintained database, all patients who had a reported diagnosis of prepouch ileitis were evaluated. The data were collected from 1989. The suspicion of PI usually arose at the followup endoscopy, and a confirmation of acute inflammation at the histological examination of the biopsy was required in order for the patients to be included in the study.
In literature, no shared definition of PI exists. According to Shen et al., PI could be classified as an active inflammation of the afferent limb at the endoscopy, which is confirmed at the pathological examination. 15 This definition was subsequently used by other authors. 12 We agreed with those authors and did not require any specific symptom score in order for PI to be diagnosed. Exclusion criteria include the lack of details of the primary IPAA surgery and of PI treatment and response. Demographic and perioperative variables, including the presence of comorbidities, pre-and postoperative diagnosis, pre-and postoperative use of immunosuppressive or biologic drugs, and postoperative outcomes were evaluated. In particular, the incidence of long-term complications and the need of reoperations were accurately recorded. Postoperative complications were grouped according to the Clavien-Dindo classification. 16 The date of the onset of PI was defined as the first diagnosis at endoscopy. The main symptoms associated with the endoscopic picture were recorded, and the conservative treatments were grouped into antibiotics, steroids, immunosuppressors [azathioprine, 6-mercaptopurin and methotrexate], anti-tumour necrosis factor [TNF]-alpha and endoscopic dilatations. In particular, the dilatations were performed in the presence of a symptomatic stenosis of the afferent limb extending for less than 5 cm.
The success of the therapy was defined as an improvement of the symptoms and the signs of disease at the endoscopy. Failure was considered as the need to escalate to a different medical treatment or surgery due to the persistence of the symptoms. The need to repeat the same treatment was not considered a failure, as long as it eventually led to an improvement of symptoms. On the contrary, no matter if the same treatment was previously successful, should an escalation of therapy be required during the subsequent follow-up time, that treatment was marked as a failure. The retrospective nature of the study could not allow any more specific classification. When any possible conservative treatment failed, the patients could have either undergone a 'therapeutic' surgery [re-do pouch or pouch repair, stricturoplasty of the afferent limb, or resection and new ileal-pouch anastomosis] or experienced a pouch failure, which was defined as the need of a permanent stoma with or without the excision of the pouch.
Variables 
Results
Between 1989 and 2016, 1286 patients underwent an IPAA formation in our centre. After review of the data and application of the exclusion criteria, 57 cases of PI were identified. Of those, eight patients had a definitive diagnosis of Crohn's disease after the onset of PI [either confirmed at the histological examination of biopsies or after the excision of the pouch], whereas in four cases the initial diagnosis of indeterminate colitis was maintained during the followup. The overall incidence of PI was therefore 4.4%. The demographic characteristics and perioperative details of these patients are summarized in Table 1 Table 2 . PI was diagnosed after a median of 6.8 years from the formation of the pouch, and a great percentage of patients did not report any specific symptom [36.8%]. At the endoscopy, pouchitis was seen in 86% of patients, and other abnormalities of the pouch [anastomotic stricture, pouch stenosis, or dilatation] were observed in 33.3% of cases. A stenosis of the afferent limb was diagnosed in 49.1% of patients. The disease of the afferent limb extended proximally for up to 30 cm [median 15 cm] . Table 3 reports the distribution of the antibiotic, steroid, immunosuppressive, and biologic treatments, as well as the rate of the endoscopic dilatations and the failure rate of each of these therapies. At a median of 48.7 months for the diagnosis of PI, a total of 19 patients either experienced a pouch failure or underwent surgery in order to manage an otherwise refractory PI, either a pouch failure surgery in order to manage a otherwise refractory PI. In those cases, obviously, no conservative treatment was considered successful in the long-term.
A pouch failure was therefore observed in eight cases [three pouch excisions and five formations of permanent ileostomy]. Of the other 11 patients, seven underwent a resection of the afferent limb, three a stricturoplasty of the limb stenosis, and one a re-do pouch with excision of the afferent limb. In total, an associated pouch repair was necessary in six cases [the already mentioned re-do pouch and five excisions of redundant cul-de-sac] [ Table 4 ]. All patients who were diagnosed with Crohn's disease eventually underwent surgery, and 50% of them had a pouch failure at time of surgery.
The univariate comparisons between patients requiring surgery and those who were managed with conservative treatment are shown in Tables The analysis of the risk of failure of medical treatment after the diagnosis of PI showed an overall chance of having surgery of 5.3%, 9.3%, 24.5%, 35.3%, and 47% at 1, 2, 5, 10, and 15 years, respectively. The sub-analyses of the risk of surgery and pouch failure sorted by histological diagnosis are shown in Figures 1 and 2 and Table 7 .
Discussion
Despite prepouch ileitis having been first described over two decades ago, 18 the doubts regarding the nature of this complication, that specifically affects the afferent limb of bowel to the pouch, still outnumber the certainties. The reasons could be found in the relative low frequency and the lack of a definition of the disease, as well as of specific endoscopic or clinical scores. Moreover, as already highlighted by other authors, most of the times the endoscopy does not explore the afferent limb of bowel, and some of the symptoms could be easily associated with a concurrent pouchitis. 11 Our experience confirmed that, at the moment, a generic definition of PI is necessary, as the endoscopic finding is not associated with any specific symptom in almost 40% of patients. Other symptoms, such as bleeding or an increased frequency of bowel movement, could likely make the physician suspect the presence of pouchitis. The fact that pouchitis is seen at endoscopy in the great majority of patients increases the chance of misdiagnosis. McLaughlin et al. reported the findings of 34 patients with a diagnosis of PI among 742 IPAA cases seen at St Mark's Hospital. 19 Similarly, 18% of them did not report any particular symptom, and all PI patients had pouchitis as well.
The evidence that PI is likely to be associated with pouchitis led the authors to presume a common cause. However, a subsequent study compared PI and pouchitis patients and found that the former had a greater chance of undergoing steroid or immunomodulator therapy to control the symptoms, suggesting at least a more aggressive behaviour of PI. This multicentre retrospective study analysed a cohort of 546 patients who had IPAA surgery in three European centres. 12 The present study includes almost 1300 IPAA procedures performed in a tertiary centre from 1989. All patients have been treated and followed by the same team of surgeons and gastroenterologists, reducing the case-mix bias and the differences in diagnosis and maintaining a similar strategy of therapy among cases. In the past, some authors assumed a correlation between Crohn's disease and PI. 14, 20 In this series, eight patients had a final diagnosis of Crohn's disease after the onset of PI, which was confirmed either through biopsies or the surgical specimen after resection.
These cases, as expected, were associated with poor outcomes after both conservative and surgical treatment. The most interest finding was that indeterminate colitis had a similar trend towards the failure of treatment and, eventually, of the pouch, compared with Crohn's disease. As shown in Figures 1 and 2 , the curves are basically overlapping, especially when the outcome of the conservative treatment is analysed. Some of the characteristics of presentation are also similar between cases with indeterminate colitis and Crohn's disease, which were both more likely to present with stricture of the afferent limb and outlet obstruction at the time of diagnosis of PI, when compared with patients with ulcerative colitis.
Another interesting result was that, unlike ulcerative colitis that was associated with pouchitis in a great majority of patients [91.1%], Crohn's disease and especially indeterminate colitis had a weaker association with inflammation of the pouch [75% and 50%, respectively], suggesting a different aetiology and confirming that, in these cases, indeterminate colitis might represent a misdiagnosed Crohn's disease.
The causes of uncertainty in IBD pathology that led to a diagnosis of indeterminate colitis at the time of colectomy included toxic colitis, the lack of pathognomonic clinical, radiological, and endoscopic pictures and, in particular, failure to recognise the classic features of Crohn's disease or ulcerative colitis in the histological examination of the colon and rectum.
The main features of Crohn's disease include deep fissures, fistulas, the presence of segmental disease, the lack of involvement of the rectum, and the finding of transmural lymphoid aggregates and epithelioid granulomas. Concomitant upper gastrointestinal manifestations or perianal disease could also suggest a diagnosis of Crohn's disease. The increasing finding of unusual pathological variants of IBD [UC with Crohn's disease-like features and Crohn's disease with UC-like features], which seem to be associated with the widespread use of biologic treatments, makes sometimes the chance of having a definite diagnosis hard even in the hands of an expert pathologist. 21 The findings of the present study suggest that, in this specific subpopulation of IBD patients, indeterminate colitis behaves like Crohn's disease, and it would be safe to assume that, despite the lack of a final diagnosis, the onset of PI in the presence of indeterminate colitis strongly suggests an underlying Crohn's disease and should be dealt with accordingly.
Consequently, it might be equally safe to conclude that, in the presence of a positive diagnosis of ulcerative colitis, PI is not the manifestation of a misdiagnosed Crohn's disease as suggested by other authors, but it should be considered a condition per se that requires appropriate treatment and follow-up, and is associated with good long-term outcomes in terms of need of surgery and pouch failure [8.2% and 0% at 5 years, respectively].
In these cases, pouchitis is often present, suggesting a possible similar cause. However, although the majority of patients with pouchitis usually respond very well to antimicrobial therapy, 22 in the present series over 50% of patients did not have a clinical remission after antibiotic treatment.
In addition, immunosuppressors and anti TNF-alpha drugs were even less effective in these cases. A recent review of the literature showed a good clinical effectiveness of infliximab in the treatment of chronic refractory pouchitis, achieving up to 80% and 50% of response at short-and long-term follow-up, respectively. The review included patients who presented with Crohn's-like complications of the pouch [stricturing or fistulising disease], confirming a good response in this subgroup as well. 23 In the present study, the response to biologic drugs was less than 25%, even after exclusion of patients with a diagnosis of Crohn's disease.
Overall, in 67.7% of patients, the condition was managed through conservative treatment, but no specific therapy was proven to be more effective than others. The lack of response of PI to medical treatment, in particular antibiotics and infliximab, highlights a major difference between this condition and pouchitis. Although the frequent coexistence of the two complications might suggest a common cause, it is possible that, in susceptible patients, the inflammatory involvement of the afferent limb could at some point develop as an independent, more aggressive condition, especially when it is associated with stenosis and outlet obstruction.
It is important to emphasise that the retrospective nature of the study, and the fact that several recurrences of PI might be seen during follow-up, forced a simplification of the presentation of treatment and outcomes. The need for escalation of treatment during the same presentation of disease was considered a failure, regardless of previous successful responses to the same treatment. However, many patients underwent more than one type of treatment, and the change of therapy does not necessarily reflect a failure of the previous medication. As often observed in the case of pouchitis, PI might present in several subsequent flare-ups, and new drugs could be used in order to control the symptoms even if other medications were previously administered with success. Moreover, some of these patients were diagnosis with PI before the introduction of the biologic drugs, and might have undergone those treatments only after years, in an advanced stage of the disease, when the fibrosis associated with chronic inflammation does not respond to the treatment. This study included a group of patients with specific symptoms of outlet obstruction [21%] and an endoscopic finding of stenosis or sub-stenosis of the afferent limb [49.1%]. Stenosis was found in 75% of both indeterminate colitis and Crohn's disease patients. All these patients required surgery. Among patients with ulcerative colitis, the incidence of stenosis of the afferent limb remained high [19, 42 .2%]; however, only five of these cases [26.3%] required surgery. A possible explanation for this difference might be found in the rate of patients presenting with outlet obstruction, meaning a more severe stenosis of the afferent limb, which was 13.3% among UC patients [vs 50% in Crohn's and indeterminate colitis patients]. Outlet obstruction should be therefore considered as a strong risk factor for failure of medical treatment.
Endoscopic dilatation can be attempted in order to improve the symptoms, when the stricture is shorter than 5 cm and amenable to dilation. The procedure, however, was effective in the long-term only in 37.4% of cases. The success rate increased to 50% when excluding patients with Crohn's disease.
The univariate comparison between patients requiring surgery and those who were managed conservatively, showed few important differences that might help the clinicians to predict a worse outcome at the diagnosis of PI. Apart from indeterminate colitis and Crohn's disease, which were the strongest factors associated with a PI not responsive to medical treatment PI has an erratic pattern of presentation after IPAA. Although the median time of observation from the pouch surgery is about 7 years, some patients were diagnosed after only 8 months and others after over 20 years. The analysis of the distribution of treatment failure showed a similar trend towards a progressive, continuous incidence during follow-up after the diagnosis of PI, with a chance of having had surgery of 35.3% at 10 and 47% at 15 years. A comparison between cases who had an "early" onset [arbitrarily chosen as less than 5 years] and the others did not show any difference in outcomes.
A proposed algorithm of treatment for patients diagnosed with PI is reported in Figure 3 . Patients with a definitive diagnosis of UC, whose endoscopy shows ulcers, oedema, or friability of the afferent limb, without symptoms of outlet obstruction, should be treated following the European Crohn's and Colitis Organisation guidelines for pouchitis. 24 Stenosis or sub-stenosis of the afferent limb, which must be suspected in the presence of outlet obstruction symptoms, should be addressed more aggressively in consideration of the higher chance of failure of treatment. In suitable cases, when the stenosis is shorter than 5 cm, endoscopic dilatation should be attempted. However, this subgroup of patients are more likely to require surgery, which could also be proposed at an early stage in order to improve the patient's quality of life.
In the presence of Crohn's disease, failure of the medical treatment is almost certain and therefore surgery should be considered as a primary option. The role of indeterminate colitis is still to be clarified but, taking into consideration the high risk of failure and the Crohn's-like behaviour, early aggressive medical and surgical treatment should be considered.
Conclusions
PI is an inflammatory complication of the pouch that occurs in a limited number of patients, but could be associated with high rate of surgery or pouch failure especially in the presence of outlet obstruction. Crohn's disease and indeterminate colitis are associated with a greater chance of failure of treatment, and should be addressed appropriately.
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